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Preliminary Assessment of and Lessons Learned in PITCH:
An Integrated Approach to Developing Technical
Communication Skills in Engineers
Abstract
The Project to Integrate Technical Communication Habits (PITCH) was recently
implemented at the University of New Haven. The goal of PITCH is to develop good
communication habits in engineering students. The program is designed to integrate technical
communication learning objectives into a sequence of engineering courses, culminating with the
senior design experience. Engineering students are introduced to the PITCH program in three
courses during their freshman year and the skills they learn are reinforced in each subsequent
year of their studies. After three years of progressively more extensive development and
deployment, a preliminary assessment of student writing from freshman to junior years was
performed.
PITCH teaches students how to report on technical work with an appropriate level of detail
and how to effectively present data. As part of the program students prepare laboratory reports,
technical memoranda, poster presentations, oral presentations, and senior design reports. PITCH
has been integrated into four freshman and sophomore courses taken by all engineering students,
as well as two higher level, program specific courses. Engineering faculty teaching these courses
were trained through workshops conducted over three summers. A random sample of students
across four majors was selected for the assessment. The sample was taken from the first cohort
of students that had taken freshman through junior courses with trained instructors.
Four faculty members and an external consultant involved in the development and
deployment of PITCH were chosen as evaluators. The student assignments chosen for review
were evaluated by a common rubric to determine whether students achieved the PITCH learning
outcomes. The evaluations were done with all five evaluators present. Student progress through
the first three years of PITCH is quantified and the results demonstrate that student writing
improved significantly. The pedagogical and administrative lessons learned by developing and
implementing the program are also discussed.
PITCH is supported by a grant from the Davis Educational Foundation.
Background
A key skill desired by employers of new engineering graduates and valued by alumni is the
ability to communicate technical content effectively.1-5 Engineering educators have recognized
this need for many years and a variety of efforts have been undertaken at different universities to
address it.6,7 An approach adopted by many engineering schools is to require students to take a
technical communications course. However, that approach has not been particularly effective
since the course is typically not connected with engineering content and the material is not
reinforced in later semesters.8,9 The development of technical communication skills in
engineering students cannot be effectively accomplished in one or two semesters and needs
consistent attention over a prolonged period. Facilitated by a grant from the Davis Educational
Foundation, the Project to Integrate Technical Communication Habits (PITCH) was begun in the
Tagliatela College of Engineering at the University of New Haven in fall 2012 to establish an

integrated approach to developing written, oral and visual technical communication skills in
engineering students. The project spans all seven ABET-accredited engineering and computer
science programs in the college and includes engineering courses across all four years of the
undergraduate curriculum. The course sequences within each program that integrate technical
communication are depicted in the “roadmaps” available at www.newhaven.edu/
engineering/PITCH/roadmaps/. A sample roadmap for the electrical engineering program is
shown in Figure 1. In its approach to integrating technical communication instruction within
engineering curricula PITCH is a fully developed project modeled after earlier, less extensive
initiatives at Michigan State University and The University of Maine.6,8,10-12 The program
contains a number of features that refine and extend the integrated approach:
• PITCH faculty developed a comprehensive set of learning outcomes based on surveys of
both the University of New Haven engineering faculty and engineering alumni and
employers.
• Communication assignments are based on discipline-specific content and designed to
have students achieve stated outcomes in a developmental progression throughout their
programs.
• PITCH leverages technology to provide students and faculty with supporting resources.
Further details on the implementation of PITCH can be found at www.newhaven.edu/
engineering/PITCH/.

Figure 1. A roadmap of PITCH outcomes and assignments for electrical engineering
PITCH Assignments
Examples of assignments that were evaluated are included in the appendix and other
examples of PITCH assignments were included in earlier publications.13,14 These assignments
address PITCH goals by requiring students to respond to workplace scenarios that incorporate

decisions about purpose, audience, levels of detail and specific reporting goals within those
scenarios. Such an assignment structure allows students to experience the kind of reporting
demands they would face in a professional setting. The structure also allows PITCH faculty to
continue refining assignments by changing variables and evolving grading rubrics that reinforce
the desired characteristics of these reports. Table 1 presents a summary of PITCH activities in
the electrical engineering program. Similar activities exist in other programs.
Table 1. Summary of PITCH activities in the electrical engineering program
Course and Level

Assignment Types

Examples of Assignments

EASC 1107:
Introduction to
Engineering –
Freshman, Fall

2 technical memos reporting on projects
done in course. Projects introduce
students to the design process and the
importance of engaging customers in
design.
6 weekly oral presentations reporting on
project status. The project involves the
construction and programming of robots
to simulate a manufacturing floor.

Optimize, construct and test a bridge
design.
Design, fabricate and test a puzzle, by
engaging customers in the design process.

EASC 1109: Project
Planning and
Development –
Freshman, Fall
EASC 1112: Methods
of Engineering
Analysis – Freshman,
Spring

3 technical memos reporting on projects
done in course. Projects involve
developing a computer solution for an
engineering problem, often an openended problem involving some design
thinking.

EASC 2211:
Introduction to
Modeling of
Engineering Systems –
Sophomore, Fall

2 technical memos reporting on projects
done in the course. Projects involve the
development of a model for an
engineering situation. Some decisions are
required to develop the model or use the
model to optimize a design.
2 project reports documenting project
work done in course. Projects involve
microcontroller interfacing.

ELEC 3371: Computer
Engineering Lab
Course – Junior Year,
Fall
ELEC 4497: Capstone
Design Course – Senior
Year, Fall

Collaboratively authored engineering
design proposal in the fall.
Collaboratively authored engineering
design report and a poster in the spring.

Build a robot to be used in the class
manufacturing floor simulation. Program
robot using LabVIEW. Report out weekly
via oral presentations and at project end
via a technical memo.
Calculate hydrogen storage and flow for a
fuel cell powered vehicle.
Design optimal pipe insulation for a
steam pipe. Develop a spreadsheet to
illustrate the concept of terminal velocity
as a tool for a high school science
teacher.
Develop a model to predict voltage as a
function of current for a fuel cell, with
highly non-linear behavior.
Design a pumping system to fill a rooftop
water storage tank, optimizing pipe size
with economic constraints.
Interface microcontrollers for serial
communication and interrupt based timer.
Design audio amplifier, quad-copter,
wireless power transmission, robot arm,
fire-fighting robot, 3-D advertisement
board, etc.

Assessment
A preliminary assessment of the program was performed in late 2015. Student work from
four PITCH courses was evaluated to measure students’ progress in their technical
communication skills. The four courses that were evaluated are listed in Table 2. One assignment
per course was selected for the study and the specific assignments chosen from each course are
shown in Table 3. The 16 students selected for the study were randomly chosen from a group
that had taken all four courses with trained instructors. Four faculty members and an external
consultant involved in the development and deployment of PITCH performed the assessment.

Table 2. Four PITCH courses included in the assessment
Course Number
EASC 1107
EASC 1112
EASC 2211
One of:
CHME 3311
CIVL 3323
ELEC 3371
MECH 3315

Course Title
Introduction to Engineering
Methods of Engineering Analysis
Introduction to Modeling of Engineering Systems
Chemical Engineering Lab
Mechanics and Structures Lab
Computer Engineering I
Mechanics Laboratory

Year
Freshman (Fall)
Freshman (Spring)
Sophomore
Junior

	
  
Table 3. PITCH criteria and the five-point rubric scale used to assess student work
PITCH Outcomes

Poor
(1)

Overall Assessment of Progress*
Below Average Above Excellent Total
Average
(3)
Average
(5)
(2)
(4)

Use appropriate format and content
Exhibit clear, precise and logical expression
Demonstrate appropriate organization, level of detail,
style and tone for a given audience, situation and
purpose
Demonstrate appropriate syntax and correct usage of
grammar and spelling
Highlight or identify critical information
Present, discuss, and summarize data accurately and
persuasively
Write thoughtful and persuasive conclusions and
recommendations
*Scale: The five-column rubric has become a standard practice in PITCH courses as well, with two blank columns
to allow for flexibility in applying specific descriptors.
1. Poor: Shows little or no progress in achieving PITCH outcomes. Little or no progress in mastery of
products or habits.
3. Average: Shows evidence of progress in achieving PITCH outcomes that reflect a merely acceptable level
of mastery of both products and habits.
5. Outstanding: Shows evidence of progress in achieving PITCH outcomes that reflect superior mastery of
both products and habits.

The assignments were evaluated simultaneously (with reviewers in one room) using the rubric
shown in Table 3. Student progress was quantified and the results are discussed in the following
section.
The 16 students were from four engineering majors and the number from each major was a
close representation of enrollment distribution in the mechanical, electrical, civil and chemical
engineering programs. In each collective assessment setting, student work was evaluated based
on seven criteria (a subset of PITCH outcomes) using the five-point scale shown in the rubric in
Table 3. The maximum score a writing assignment could receive was 35 points. Each evaluator
reviewed each writing assignment; therefore, each assignment received five ratings.
Statistical Analysis
Before further analysis of assignment ratings, the equal variance test was performed to see
if any differences existed among the evaluators’ assessment of student work in each course. The

equal variance test is used to determine whether the variances of two or more groups are similar;
when the p-value obtained from the test is larger than the significance level chosen, the
conclusion is that the variances are not different. The equal variance test at the significance level
α = 0.05 was performed for each course with the five evaluators representing the different groups
tested. The test results with p-values of 0.59, 0.68, 0.74, and 0.59 for each course indicated no
difference in variance between the evaluators, suggesting that rating variation between evaluators
was not a factor impacting the total variance observed in student ratings.
Table 4 shows the descriptive statistics of these writing assignments for each of the four
courses. The standard deviations for each course were similar and suggest that the variation
among student work observed in each course was similar. An equal variance test, similar to the
one described above, at the significance level α = 0.05 was performed on the assignment ratings,
this time with the four courses representing four different groups. The p-value = 0.41 obtained
supported the observation that there were no significant differences in variation among student
work in each course.
Table 4. Descriptive statistics for four PITCH courses – Comparison of assignment ratings
Variable
EASC 1107 Rating
EASC 1112 Rating
EASC 2211 Rating
3rd Year Course Rating

N
54
75
80
65

Mean
14.9
16.2
16.8
23.6

Std. Dev.
4.9
5.9
5.4
5.1

Minimum
7
7
8
11

Maximum
27
26
30
35

Median
14.5
16
16
24

Note: N is the number of ratings assigned by the evaluators for student papers in that course. One assignment
was used for each course with each evaluator submitting ratings for each student. Assignments were missing for
some students in each course; hence the N value differs across the courses.

Student progress was evaluated by comparing the average rating for each of the four
courses. The mean value for the first freshman year course, EASC 1107, was used as a baseline.
As shown in Table 4, the mean values for the next two courses, EASC 1112 and EASC 2211,
increased by approximately 11%, indicating that student proficiency in technical communication
skills had modestly increased after completing their first semester. A significant improvement in
quality (an increase of 37% in mean score) was observed in the third year.
Ratings of student assignments were also analyzed using a randomized block design
ANOVA (analysis of variance). This statistical test is an extension of the paired t-test for three or
more samples. In this study, students were treated as blocks to preserve the pairing of ratings for
a particular student across the four courses. The ANOVA test results are shown in Table 5.
Table 5. ANOVA table (main factor: course, block: student)
Source
Course
Student
Error
Lack-of-Fit
Pure Error
Total

DF
3
15
255
36
219
273

F-Value
39.6
7.4

p-Value
0.000
0.000

4.1

0.000

Before interpreting the results of the ANOVA test, the assumptions implicit for the
ANOVA were verified. These assumptions are that the data is normally distributed and
homoscedastic (i.e., has uniform variance over its range). To test normality, normal probability
plots were created on all four groups and are shown in Figure 2. A normal probability plot is a
graphical technique for assessing whether or not data is approximately normally distributed. The
data is plotted against a theoretical normal distribution in such a way that the points should form
an approximate straight line. If the assessment data is normal, the data points should fall along
the middle straight line in each plot in Figure 2. The curved upper and lower lines in each plot
show the 95% confidence margins. All four lines observed in Figure 2 are reasonably straight
except in the tails. Furthermore, p-values, similar to the one described in the equal variance test
above, can be used to derive a conclusion about normality. Although results for one of the
courses (EASC 1112 with p-value = 0.012) suggest non-normal data, the p-value is not
significantly low, and the ANOVA method is fairly robust against departures from the normal
distribution, especially for larger samples. The results of ANOVA with a p-value = 0.000 at the
95% confidence level agree with our preliminary observations based on the mean student rating
for the four courses. The change in ratings from course to course shown in Figure 3 suggests a
conservative increase in the first three courses, and a significant leap in the last course in the
sequence.
The ANOVA test shows only whether there was a difference in the means of two or more
groups tested, but does not reveal which ones are different. The paired t-test was used to evaluate
the hypothesis that the students’ skill level was higher in each successive course compared to the
previous one. With the EASC 1107 mean of 14.9 as the baseline, the test results presented in
Table 6 indicate that the students achieved considerable growth in their technical writing ability
as they finished their second course in the sequence (EASC 1112). There was no significant

	
  
Figure 2. Results of tests for confirming normal distributions of data

	
  

	
  
Figure 3. Change in rating of student writing from course to course

	
  

Table 6. Pairwise comparison of improvement in student work in two consecutive courses
Comparison of Progress
(Course 1 to Course 2)

1st Year Fall to 1st Year Spring
1st Year Spring to 2nd Year Fall
2nd Year Fall to 3rd Year
1st Year Fall to 3rd Year

Mean
Rating 1
14.9
16.2
16.8
14.9

Mean
Rating 2
16.2
16.8
23.6
23.6

Percent
Improvement
9%
3%
41%
58%

pvalue
0.037
0.088
0.000
0.000

Statistical
Significance
Significant
Not Significant
Significant
Significant

difference observed between the second and the third courses. During the review of these results,
one of the instructors of the third course indicated that one possible reason for not being able to
observe improvement might be attributable to the timing of the writing assignment that was
reviewed. The assignment due date coincided with another assignment for that class, and
furthermore, was very close to finals week. Therefore, the work students provided for this
particular assignment may not have been the best example of their work. Despite this, the
average assignment scores were somewhat higher than in the previous semester’s course, though
not statistically significant.
The paired t-test indicated that there was a significant improvement observed in students’
writing skill in their junior year. There may be several factors contributing to this result.
Naturally, the level of student maturity increases as they move into their junior and senior years.
In addition, they continuously practice their writing through many assignments in their courses.
The assignments in the third year courses were also collaboratively authored, while those in the
first year were individually authored. Nevertheless, we believe that the continuous emphasis on
PITCH and its expected outcomes is a significant factor in improving student’s technical writing
skills, and that the other factors support these skills.
This preliminary assessment provides an indication that PITCH positively impacts students
as intended. We note, however, that the study was done with a small sample and without data on

student performance before PITCH was implemented. Future work will include a more
comprehensive study spanning the full four years of the PITCH curriculum with a wider range of
measures and a larger number of students to better assess the impact of the PITCH initiative.

Lessons Learned
Lessons learned during the course of developing and implementing PITCH and strategies
for addressing these are as follows:
1. So far instructors have not spent significant class time discussing technical writing, but
only referred students to related written guidelines and instructions that were developed
as part of PITCH (see www.newhaven.edu/engineering/PITCH/482611/). The relatively
modest improvements discussed herein are a result of this practice. However, we feel that
considerably greater improvement in student writing can be obtained if formal instruction
on technical writing can be provided in the context of the courses included in PITCH.
2. Obtaining consistent grading of writing by the many instructors of the engineering
courses and course sections in which PITCH is implemented has been difficult. Although
most instructors have been trained through PITCH workshops, their ability to assess
technical writing and provide effective feedback varies widely. This limits students’
potential improvement.
3. Engaging a sufficient number of engineering faculty to commit to advancing technical
communication is a challenge. Strong leadership and support at the college and
institutional levels, a partnership with a technical communications consultant or faculty
member, and a sufficient number of core faculty members who believe in the value of
effective technical communication are required for a project like PITCH to be successful.
It is also difficult for an institution to bear the cost of developing a project like PITCH;
external grant funding is vital during the development phase. Once developed,
implementation and continuation are feasible through institutional support.

Conclusions and Future Work
The work to date has verified the potential for PITCH to improve students’ technical
communication abilities. The key features include the establishment of consistent guidelines
across all four years, the integration of writing assignments into engineering courses which use
these guidelines, training instructors to be more sensitive to communication skills and giving
writing assignments more weight in course grades. Further improvements will require providing
formal technical writing instruction to students, further training of faculty to achieve more
consistent grading, and having people strong in writing provide support to other faculty.
The assessment of PITCH will continue as more student data is collected. The first cohort
of students who would have experienced PITCH in all four years will graduate in spring 2016.
At that time, we will have an opportunity to do a comprehensive before and after PITCH
assessment between students who have not experienced PITCH and the ones who went through
the four years of PITCH training. Senior design reports of both groups will be compared in this
planned assessment.
Furthermore, PITCH core faculty are currently developing three online modules to address
the issues raised above. Students will take these in their freshman, junior and senior years in
conjunction with EASC 1112, junior laboratory courses, and senior design courses. The intent of

these modules is to engage students with writing exercises that will prepare them for the specific
PITCH assignments in target courses (i.e., technical memos, laboratory reports and senior design
proposals, reports and posters). Students will also benefit from feedback provided by the online
technical writing instructors as well as peer review using the EliReview® software system.15 The
online modules are being developed now and implementation is expected to begin in fall 2016.
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Appendix – PITCH Assignments
EASC1107 – Introduction to Engineering Assignment:

EASC 1112 – Methods of Engineering Analysis Assignment:	
  

	
  

	
  

EASC 2211 – Methods of Engineering Analysis Assignment:

Third Year Courses:
CHME 3311 Chemical Engineering Thermodynamics

	
  

Third Year Courses:
ELEC 3371 Computer Engineering Lab Course

